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FIG. 4C

Resulting Image



U.S. Patent Apr. 5, 2016 Sheet 6 of 14 US 9,305,335 B2

FIG. 5A

Output Level

Ref:arence Input Level
[Dark Image]



U.S. Patent Apr. 5, 2016 Sheet 7 of 14 US 9,305,335 B2

FIG. 5B

Output Level

b e

Refer'énce Input Level
[Median Brightness Image]



U.S. Patent Apr. 5, 2016 Sheet 8 of 14 US 9,305,335 B2

FIG. 5C

Output Level

|
|
|
|
|
{
|
|
|
|
|
|
|

1 Reference
Input Level
[Bright Image]




U.S. Patent Apr. 5, 2016 Sheet 9 of 14 US 9,305,335 B2

FIG. 6A

Output Level

|
|
|
|
|
|
{
|
|
|
|
|
|
|
|

Input Level

Gamma<1



U.S. Patent Apr. 5, 2016 Sheet 10 of 14 US 9,305,335 B2

FIG. 6B

Output Level

Input Level
Gamma>1



U.S. Patent Apr. 5, 2016 Sheet 11 of 14 US 9,305,335 B2




U.S. Patent Apr. 5, 2016 Sheet 12 of 14 US 9,305,335 B2

FIG. 7C

FIG. 7D




U.S. Patent Apr. 5, 2016 Sheet 13 of 14 US 9,305,335 B2

FIG. 7E




US 9,305,335 B2

Sheet 14 of 14

Apr. 5, 2016

U.S. Patent

F




US 9,305,335 B2

1
DISPLAY APPARATUS AND NPR
PROCESSING METHOD APPLIED THERETO

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2010-0057663, filed on Jun. 17, 2010 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND

1. Field

Exemplary embodiments relate to a display apparatus and
a Non-Photorealistic Rendering (NPR) processing method
applied to the same, and more particularly, to a display appa-
ratus which processes NPR with respect to an inputimage and
displays the NPR-processed image, and an NPR processing
method applied to the same.

2. Description of the Related Art

In recent years, a display apparatus has become able to
support additional operations besides its original operation of
displaying photos or images. A representative additional
operation is a Non-Photorealistic Rendering (NPR) opera-
tion.

The NPR is an image processing technique that does not
process a photo as is, but processes the photo non-realistically
by applying diverse effects to the photo. In contrast to a
realistic expression of an object, the NPR-processed expres-
sion exaggerates a trivial object or drastically omits an unim-
portant object in order to highlight a subject. Such an NPR
technique is widely used in gaming, animation, advertise-
ments, movies, etc.

The NPR includes various methods to perform a non-
realistic rendering process with respect to an input image. For
example, the NPR includes a method of rendering a photo in
a colored pencil drawing style, a pen drawing style, an oil
painting style, a watercolor printing style, a cartoon style, and
a sketch style.

Among such NPR methods, diverse methods for rendering
an input photo image in a cartoon style have been suggested.
However, a related art NPR method for rendering an image in
a cartoon style processes a large amount of data, causing a
slow processing rate, and a cartoon effect is not as clear as
may be desired.

Therefore, there is a demand for an NPR method for maxi-
mizing a cartoon effect.

SUMMARY

One or more exemplary embodiments provide a display
apparatus which processes an image so that brightness of a
pixel having a brightness value less than a predetermined
brightness value is reduced and brightness of a pixel having a
brightness value greater than the predetermined brightness
value is increased, and a Non-Photorealistic Rendering
(NPR) processing method applied to the same.

According to an aspect of an exemplary embodiment, there
is provided a display apparatus including: an image processor
which processes an NPR with respect to an image; and a
display unit which displays the NPR-processed image,
wherein the image processor processes the NPR by reducing
a brightness of a pixel having a brightness value less than a
predetermined brightness value among pixels of the image
and increasing a brightness of a pixel having a brightness
value greater than the predetermined brightness value.
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The image processor may process the NPR using an
S-curve which is based on the predetermined brightness
value, so that the brightness of the pixel having the brightness
value less than the predetermined brightness value is reduced
and the brightness of the pixel having the brightness value
greater than the predetermined brightness value is increased.

The image processor may determine the predetermined
brightness value according to an average brightness value of
a frame of the image.

The image processor may increase at least one of a contrast
value and a saturation value of the image by reducing the
brightness of the pixel having the brightness value less than
the predetermined brightness value and increasing the bright-
ness of the pixel having the brightness value greater than the
predetermined brightness value.

The image processor may include: a bilateral filter which
filters the image to abstract the image; an S-curve unit which
applies an S-curve to the image so that a brightness of a pixel
having a brightness value less than the predetermined bright-
ness value among pixels of the filtered image is reduced and
a brightness of a pixel having a brightness value greater than
the predetermined brightness value is increased; a quantiza-
tion unit which quantizes the S-curve applied image so that
the S-curve applied image includes a plurality of brightness
levels; and an edge processor which extracts an edge image
from the S-curve applied image and adds the extracted edge
image to the quantized image.

The quantization unit may apply a quantization curve
including a plurality of gamma curves to the S-curve applied
image so that the S-curve applied image includes the plurality
of brightness levels.

The quantization unit may quantize the S-curve applied
image by applying a quantization curve according to:

Y=29x(MOD(X,29)/29)"+FLOOR (X29),

where X is an input signal (Iin(x)), Y is an output signal
(Iout(x)), Q is a quantization factor, v is a gamma value for
determining a gamma curve of each section, MOD(A,B) is a
function for calculating a remainder of A/B, and FLOOR (C)
is a function for making an integer by rounding down below
the decimal point.

The edge processor may adjust a strength of an edge by
applying a weight set by a user.

The edge processor may adjust a strength of an edge
according to a brightness of an original image.

The edge processor may apply a weight to an edge and may
adjust a strength of the edge according to a brightness of an
original image, by applying to the extracted edge image:

Y=XX(LV,,p~WXE)LV,, ..,

where X is an input signal (Iin(x)), Y is an output signal
(Iout(x)), LV, . 1s a maximum level value of the input signal
and the output signal, w, is a weight for adjusting an edge
strength, and E is an edge greater than a threshold.

According to an aspect of another exemplary embodiment,
there is provided an NPR processing method, including: pro-
cessing an NPR with respect to an image; and displaying the
NPR-processed image, wherein the processing the NPR com-
prises reducing a brightness of a pixel having a brightness
value less than a predetermined brightness value among pix-
els of the image and increasing a brightness of a pixel having
a brightness value greater than the predetermined brightness
value.

The processing the NPR may include processing the NPR
using an S-curve which is based on the predetermined bright-
ness value so that the brightness of the pixel having the
brightness value less than the predetermined brightness value
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is reduced and the brightness of the pixel having the bright-
ness value greater than the predetermined brightness value is
increased.

The processing the NPR may include determining the pre-
determined brightness value according to an average bright-
ness value of a frame of the image.

The processing the NPR may include increasing at least
one of a contrast value and a saturation value of the image by
reducing the brightness of the pixel having the brightness
value less than the predetermined brightness value and
increasing the brightness of the pixel having the brightness
value greater than the predetermined brightness value.

The processing the NPR may include: bilateral-filtering the
image to abstract the image; applying an S-curve to the fil-
tered image so that a brightness of a pixel having a brightness
value less than the predetermined brightness value among
pixels of the filtered image is reduced and a brightness of a
pixel having a brightness value greater than the predeter-
mined brightness value is increased; quantizing the image so
that the S-curve applied image includes a plurality of bright-
ness levels; and processing an edge by extracting an edge
image from the S-curve applied image and adding the
extracted edge image to the quantized image.

The quantizing may include applying a quantization curve
including a plurality of gamma curves to the S-curve applied
image so that the S-curve applied image includes the plurality
of brightness levels.

The quantizing may include quantizing the S-curve applied
image by applying a quantization curve according to:

Y=29(MOD(X;, 22)/22)*+FLOOR(X/29),

wherein X is an input signal (Iin(x)), Y is an output signal
(Tout(x)), Q is a quantization factor, vy is a gamma value for
determining a gamma curve of each section, MOD(A,B) is a
function for calculating a remainder of A/B, and FLOOR (C)
is a function for making an integer by rounding down below
the decimal point.

The processing the edge may include adjusting a strength
of the edge by applying a weight set by a user.

The processing the edge may adjust a strength of the edge
according to brightness of an original image.

The processing the edge may include applying a weight to
the edge and adjusting a strength of the edge according to a
brightness of an original image, by applying to the extracted
edge image:

Y=XX(LV, = WXEVLV

where X is an input signal (Iin(x)), Y is an output signal
(Iout(x)), LV, . is a maximum level value of the input signal
and the output signal, w, is a weight for adjusting an edge
strength, and E is an edge greater than a threshold.

According to an aspect of another exemplary embodiment,
there is provided a non-photorealistic rendering (NPR) pro-
cessing method, including: processing an NPR with respectto
an image; and outputting the NPR-processed image to be
displayed, wherein the processing the NPR includes reducing
a brightness of a pixel, among pixels of the image, having a
brightness value less than a predetermined brightness value
and increasing a brightness of a pixel, among the pixels of the
image, having a brightness value greater than the predeter-
mined brightness value.

According to one or more exemplary embodiments as
described above, a display apparatus which processes an
image so that a brightness of a pixel having a brightness value
less than a predetermined brightness value is reduced and a
brightness of a pixel having a brightness value greater than the
predetermined brightness value is increased, and an NPR
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processing method applied to the same are provided so that a
cartoon effect can be maximized.

In particular, the display apparatus may apply an S-curve,
thereby increasing a saturation and a contrast of an input
image and thus displaying a nonrealistic and bright photo.

Additional aspects and advantages will be set forth in the
detailed description, will be obvious from the detailed
description, or may be learned by practicing the exemplary
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request or payment of the necessary fee.

The above and/or other aspects will be more apparent by
describing in detail exemplary embodiments, with reference
to the accompanying drawings in which:

FIG. 1is a block diagram illustrating a digital photo frame
according to an exemplary embodiment;

FIG. 2 is a block diagram illustrating an image processor
according to an exemplary embodiment;

FIG. 3 is a flowchart to explain a non-photorealistic ren-
dering (NPR) processing method according to an exemplary
embodiment;

FIGS. 4A to 4C are views illustrating a result of bilateral
filtering according to an exemplary embodiment;

FIGS. 5A to 5C are views illustrating shapes of S-curves
according to a brightness of an image according to an exem-
plary embodiment;

FIGS. 6A and 6B are views illustrating shapes of quanti-
zation curves according to gamma values according to an
exemplary embodiment;

FIGS. 7A to 7E are views illustrating resulting photos in
respective operations of performing an NPR process accord-
ing to an exemplary embodiment; and

FIGS. 8A and 8B are views illustrating photos after and
before performing the NPR process according to an exem-
plary embodiment.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

Hereinafter, exemplary embodiments will be described in
greater detail with reference to the accompanying drawings.

In the following description, same reference numerals are
used for the same elements when they are depicted in differ-
ent drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assistin a
comprehensive understanding of the exemplary embodi-
ments. Thus, it is apparent that the exemplary embodiments
can be carried out without those specifically defined matters.
Also, functions or elements known in the related art are not
described in detail since they would obscure the exemplary
embodiments with unnecessary detail. Hereinafter, expres-
sions such as “at least one of;” when preceding a list of
elements, modify the entire list of elements and do not modify
the individual elements of the list.

FIG. 1is a block diagram illustrating a digital photo frame
100 according to an exemplary embodiment. Referring to
FIG. 1, the digital photo frame 100 includes an operation
block 110, a communication unit 120, a manipulation unit
130, a storage unit 140, an image processor 150, a display unit
160, and a controller 170.



US 9,305,335 B2

5

The operation block 110 performs a first operation of the
digital photo frame 100. For example, the operation block 110
may reproduce an image (such as a photo or a moving pic-
ture).

The communication unit 120 is communicably connected
to an external apparatus, for example, through a mobile com-
munication network or the Internet. The communication unit
120 may download image contents from the external appara-
tus.

The manipulation unit 130 receives a user’s manipulation
to input a user command. Specifically, the manipulation unit
130 receives a manipulation corresponding to a selecting
command on diverse items displayed on a screen from a user.
The manipulation unit 130 may be realized as at least one of
a touch screen, a button, a mouse, a touch pad, a remote
controller, a rotatable dial, etc.

The storage unit 140 stores programs and applications for
performing the first operation of the digital photo frame 100.
Also, the storage unit 140 may store image data.

The image processor 150 image-processes input image
data and outputs the image-processed image data to the dis-
play unit 160. The image processor 150 may process Non-
Photorealistic Rendering (NPR) in order to express the input
image in a cartoon style.

The image processor 150 performs the NPR process by
reducing a brightness of a pixel having a brightness value less
than a predetermined brightness value and increasing a
brightness of a pixel having a brightness value greater than the
predetermined brightness value. Such a process is to maxi-
mize a cartoon effect by increasing at least one of saturation
and contrast of the input image.

The inputimage may include an image signal or image data
that is input from an external source or an image signal or
image data that is input to the image processor 150 from the
storage unit 140.

By way of example, the image processor 150 processes the
image using an S-curve which is based on a predetermined
brightness value, so that a brightness of a pixel having a
brightness value less than the predetermined brightness value
is reduced and a brightness of a pixel having a brightness
value greater than the predetermined brightness value is
increased. The image processor 150 may determine the pre-
determined brightness value according to an average bright-
ness value of one frame of the image.

A detailed structure and operation of the image processor
150 according to an exemplary embodiment will be described
below with reference to FIG. 2.

The display unit 160 displays the image processed by the
image processor 150 on a screen. The display unit 160 may
display the image using a Liquid Crystal Display (LCD), a
Plasma Display Panel (PDP), an Active Matrix Organic Light
Emitting Diode (AMOLED), etc.

The controller 170 controls an overall operation of the
digital photo frame 100 according to, for example, a user’s
manipulation input through the manipulation unit 130.

Hereinafter, a detailed structure and operation of an image
processor 150 according to an exemplary embodiment will be
explained in detail with reference to FIG. 2. FIG. 2 is a block
diagram illustrating an image processor 150 according to an
exemplary embodiment. The image processor 150 performs
at least one of processes, such as bilateral filtering, applying
an S-curve for representing a non-realistic color sense, apply-
ing a quantization curve for representing a contour, and add-
ing an edge to the image, in order to add a cartoon effect to the
image.
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Referring to FIG. 2, the image processor 150 includes a
bilateral filter 210, an S-curve unit 220, a quantization unit
230, and an edge processor 240.

The bilateral filter 210 filters the image in order to abstract
the image. By way of example, the bilateral filter 210 is a
nonlinear filter that smoothes an image while preserving an
edge and has a characteristic that a filter coefficient is changed
according to a distribution of brightness of pixels. Using such
a characteristic, the bilateral filter 210 abstracts or simplifies
the image by reducing changes in a detailed portion of the
image while preserving an edge of the input image.

An image processing operation of the bilateral filter 210
according to an exemplary embodiment will now be
explained with reference to FIGS. 4A to 4C. FIGS. 4A to 4C
are views illustrating a result of bilateral filtering according to
an exemplary embodiment.

FIG. 4A illustrates a distribution of signals of an input
image. FIG. 4B is a schematic view of a bilateral filter coef-
ficient at a pixel (i.e., a point referred to as “center pixel”) of
an image including noise around an edge with respect to the
input image signal as shown in FIG. 4A.

As shown in FIG. 4B, the bilateral filter coefficient has a
general smoothing filter coefficient with respect to a pixel
having similar brightness to that of the center pixel. On the
other hand, the bilateral filter coefficient has a coefficient
close to zero with respect to a pixel having brightness greatly
different from that of the center pixel.

Accordingly, by applying the bilateral filter having the
bilateral filter coefficient shown in FIG. 4B, a resulting image
in which an edge is preserved and a remaining part is
smoothed is obtained as shown in FIG. 4C.

The bilateral filter coefficient may be calculated by the
product of a coefficient (w,) that is determined by a distance
between the center pixel (X) and a neighboring pixel (€) and a
coefficient (w,) that is determined by a difference between a
brightness (I,,(x)) of the center pixel and a brightness (I,,,(€))
of'the neighboring pixel, as expressed in the following exem-
plary Formula 1. The denominator of Formula 1 is to normal-
ize such that the sum of filter coefficients is equal to 1.

Z In(@)ws(e, X)wile, x) [Formula 1]
L) = =2

2, wile, X)wi(e, X)

ceM

InFormula 1, w, is a function a value of which increases as
the neighboring pixel gets closer to the center pixel, and w, is
any function a value of which increases as a brightness dif-
ference over the center pixel decreases. For example, if {(x) is
defined as a function a value of which increases as an x value
decreases, f(x) is a general Gaussian filter, and a first linear
filter and w, and w, are defined as following exemplary For-
mula 2:

wi(ex)=f(e-x)

w (e ~F (€)1, x)®

Using the above-described characteristic of the bilateral
filter 210, the bilateral filter 210 is able to abstract the image.

The S-curve unit 220 applies an S-curve to the filtered
image so that a brightness of a pixel having a brightness value
less than a predetermined brightness value is reduced and a
brightness of a pixel having a brightness value greater than the
predetermined brightness value is increased.

The S-curve is an S-shaped graph showing a relationship of
an output signal against an input signal. A point at which the

[Formula]
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input signal and the output signal have a same value is a
reference point of the S-curve. With respect to an x value
below the reference point, a y value is lower than the x value.
Furthermore, with respect to an x value above the reference
point, a y value is higher than the x value.

Accordingly, if the S-curve unit 220 applies the S-curve to
the brightness value of the filtered image, brightness of a pixel
having a brightness values less than the predetermined bright-
ness value is reduced and brightness of a pixel having a
brightness value greater than the predetermined brightness
value is increased.

The S-curve unit 220 sets the reference brightness value
(that is, the predetermined brightness value) of the S-curve
differently according to an average brightness value of one
scene of the image. For example, if the average brightness
value is low, the S-curve unit 220 sets the reference brightness
value to be low, and if the average brightness value is high, the
S-curve unit 220 sets the reference brightness value to be
high. Thus, the S-curve unit 220 sets the reference brightness
value to be higher as the average brightness value increases.
The S-curve according to one or more exemplary embodi-
ments may be as illustrated in FIGS. 5A to 5C.

FIGS. 5A to 5C are views illustrating shapes of S-curves
according a brightness of'an image according to an exemplary
embodiment. Referring to FIGS. 5A to 5C, the reference
brightness value increases as the brightness of the image
increases.

As described above, since the S-curve unit 220 applies the
S-curve to the filtered image, the image processor 150
increases the contrast of the image to atleast an extent that the
color sense is distorted and the saturation of the image is
increased. Through this process, the image processor 150
expresses the color sense of the image non-realistically and
brightly, thereby enhancing a cartoon effect.

Referring back to FIG. 2, the quantization unit 230 per-
forms quantization with respect to the S-curve applied image
so that the image includes a plurality of brightness levels. In
a cartoon, a contour in which color is expressed may discon-
tinuously appear even in an area other than an edge. In order
to cause such a contour to appear, the quantization unit 230
applies a quantization curve to the input image.

The quantization curve may include a plurality of gamma
curves. The gamma curve may include a plurality of bright-
ness levels. That is, the quantization curve may include a
plurality of level sections and each level section may corre-
spond to one gamma curve. In other words, the quantization
curve may be a step-wise curve including a plurality of
gamma curves. The quantization curve may be expressed by
the following exemplary Formula 3:

Y=29x(MOD(X, 29)/29)"+FLOOR(X/29), [Formula 3]

where X is an input signal (Iin(x)), Y is an output signal
(Tout(x)), Q is a quantization factor, vy is a gamma value for
determining a gamma curve of each section, MOD(A,B) is a
function for calculating a remainder of A/B, and FLOOR (C)
is a function for making an integer by rounding down below
the decimal point.

Exemplary shapes of the quantization curve are illustrated
in FIGS. 6A and 6B. FIGS. 6A and 6B are views illustrating
shapes of the quantization curve according to gamma values
according to an exemplary embodiment. FIG. 6A illustrates a
case in which a gamma value is less than 1 and FIG. 6B
illustrates a case in which a gamma value is greater than 1.
According to the present exemplary embodiment, in a case
that the gamma value is less than 1, the quantization curve
includes gamma curves bulging outward above the quantiza-
tion curve, and in a case that the gamma value is greater than
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1, the quantization curve includes gamma curves hollowed
inward below the quantization curve.

Also, referring to FIGS. 6A and 6B, an input brightness
level is divided into four sections and the quantization curve
includes four gamma curves, though it is understood that
another exemplary embodiment is not limited thereto. That is,
the quantization curve according to another exemplary
embodiment may include various numbers of sections.

As described above, the quantization curve includes the
plurality of level sections and each section corresponds to the
gamma curve.

By quantizing the S-curve applied image into the plurality
of brightness level sections, the quantization unit 230
expresses a contour that is a discontinuous color surface on
the image.

A related art quantizing method has a drawback that the
number of expressible grayscales is reduced since the quan-
tization is achieved by cutting a lower bit of the input signal.
However, since the quantization unit 230 realizes the quanti-
zation curve using the gamma curve, unlike in the related art
quantization method, the image processor 150 can process the
image so that the contour can be generated without reducing
the number of expressible grayscales. Accordingly, if the
above-described quantizing method is applied, the image pro-
cessor 150 can express a softer contour.

The edge processor 240 extracts an edge image from the
S-curve applied image and adds the extracted edge image to
the quantized image. For example, the edge processor 240
may apply a weight set by a user through a manipulation unit
130 to adjust a strength of an edge. The weight refers to a
value that determines the strength of the edge (that is, sharp-
ness of an edge in the edge image) and may be set by the user.
As the weight increases, the strength of the edge image is
higher and thus the edge is sharper, so that the cartoon effect
is more reinforced.

When extracting the edge, the edge processor 240 uses the
S-curve applied image, i.e., the image before the quantization
is applied. An edge value may be extracted using a 3x3 Sobel
mask. The edge processor 240 may multiply an edge strength
(w,) by an edge (E) greater than a threshold as in following
exemplary Formula 4:

Y=XX(LV,,p~WXE)LV,, .., [Formula 4]

where X is an input signal (Iin(x)), Y is an output signal
(Iout(x)), LV, .. is a maximum level value of an input and
output signal, w, is a weight for adjusting an edge strength,
and E is an edge greater than a threshold.

The edge processor 240 adds the extracted edge image to
the image output from the quantization unit 230.

Also, the edge processor 240 may adjust the strength of the
edge according to a brightness of an original image. For
example, referring to Formula 4, when applying the edge to
the image, the edge processor 240 subtracts the edge (E) from
the maximum level value (LVmax) of the input and output
signal rather than simply multiplying or adding them, so that
the image is expressed more clearly as the resulting value is
greater. The edge processor 240 may perform normalization
by dividing a difference between the maximum level value
and the edge by LVmax so that the resulting value is between
0 and 1, and multiples the resulting value by the input signal
so that the edge can be expressed naturally on the image.

Accordingly, the edge processor 240 is able to naturally
add the edge to the quantized image in consideration of the
brightness of the original image.

Through the above-described operations, the image pro-
cessor 150 processes the NPR to render the input image in a
cartoon style. Also, since the contrast and the saturation are
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enhanced by applying the S-curve, the image processor 150
can further enhance the cartoon effect.

Also, each of the bilateral filter 210, the S-curve unit 220,
the quantization unit 230, and the edge processor 240 may be
realized in the image processor 150 in at least one of a hard-
ware level and a software level.

Hereinafter, a method of processing NPR in order to render
an image in a cartoon style according to an exemplary
embodiment will be explained with reference to FIG. 3. FIG.
3 is a flowchart illustrating an NPR processing method
according to an exemplary embodiment.

Referring to FIG. 3, an image processing device (e.g., a
digital photo frame 100) receives an image (operation S310).
The input image may include an image signal or image data
that is input from an external source or an image signal or
image data that is input from a storage medium embedded in
the image processing device.

The image processing device filters the image in order to
abstract the image (operation S320). In order to filter the
image, the image processing device uses a bilateral filter,
which is a nonlinear filter supporting an operation of smooth-
ening an image while reserving an edge. The bilateral filter
has a characteristic that a filter coefficient is changed accord-
ing to a distribution of brightness of pixels. Using such a
characteristic of the bilateral filter, the image processing
device abstracts or simplifies the image by reducing changes
in a detailed portion of the image while preserving the edge of
the input image. An exemplary bilateral filter has been
described in detail above with reference to FIG. 2.

Using the characteristics of the bilateral filter as described
above, the image processing device can abstract the image.

Furthermore, the image processing device applies an
S-curve to the filtered image so that a brightness of a pixel
having a brightness values less than a predetermined bright-
ness value among pixels of the filtered image is reduced and
a brightness of a pixel having a brightness value greater than
the predetermined brightness value is increased (operation
S330).

The S-curve is an S-shaped graph that shows a relationship
of an output signal against an input signal. A point at which
the input signal and the output signal have the same value is a
reference point of the S-curve. With respect to an x value
below the reference point, a y value is lower than the x value,
and, with respect to an x value above the reference point, a y
value is higher than the x value.

Accordingly, if the image processing device applies the
S-curve to the brightness values of the filtered image, the
brightness of the pixel less than the predetermined brightness
value is reduced and the brightness of the pixel greater than
the predetermined brightness value is increased.

Also, the image processing device may determine the ref-
erence brightness value (i.e., predetermined brightness value)
of'the S-curve differently according to an average brightness
value of one scene of the image. For example, the image
processing device sets the reference brightness value to be
lower if the average brightness value is relatively lower and
sets the reference brightness value to be higher if the average
brightness value is relatively higher. Thus, the image process-
ing device sets the reference brightness value to be higher as
the average brightness value increases. Exemplary S-curves
have been described above with reference to FIGS. 5A to 5C.

Since the image processing device may apply the S-curve
to the filtered image as described above, the digital photo
frame 100 increases the contrast of the image to at least an
extent that the color sense is distorted and the saturation is
increased. Through this process, the image processing device
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expresses the color sense of the input image non-realistically
and brightly, thereby enhancing the cartoon effect.

Moreover, the image processing device performs quanti-
zation so that the S-curve-applied image includes a plurality
of brightness levels (operation S340). In a cartoon, a contour
in which color is expressed discontinuously appears in an area
other than an edge. In order to cause such a contour to appear,
the image processing device applies a quantization curve to
the input image.

The quantization curve may include a plurality of gamma
curves. The gamma curve may include a plurality of bright-
ness levels. That is, the quantization curve may include a
plurality of level sections and each section corresponds to one
gamma curve. Accordingly, the quantization curve may be a
step-wise curve including the plurality of gamma curves.
Furthermore, the quantization curve may be expressed by
above-described Formula 3. Exemplary shapes of the quan-
tization curve have been described above with reference to
FIGS. 6A and 6B.

As described above, by quantizing the S-curve applied
image into the plurality of brightness level sections, the image
processing device expresses a contour that is a discontinuous
color surface on the image.

A related art quantizing method has a drawback in that a
number of expressible grayscales is reduced since quantiza-
tion is achieved by cutting a lower bit of the input signal.
However, since the image processing device according to an
exemplary embodiment realizes the quantization curve using
the gamma curve, unlike in the related art quantizing method,
the image processing device can process the image so that a
contour is generated without reducing the number of express-
ible grayscales. Therefore, if the above-described quantizing
method is applied, the image processing device can express a
softer contour.

The image processing device determines whether an edge
is to be added or not (operation S350). If the edge is not to be
added (operation S350-N), the digital photo frame 100 pro-
ceeds to operation S370 without adding the edge.

On the other hand, if the edge is to be added (e.g., is set to
be added) (operation S350-Y), the image processing device
extracts an edge image from the S-curve applied image and
adds the extracted edge image to the quantized image (opera-
tion S360).

At this time, the image processing device may apply a
weight set by a user through a manipulation unit 130 to adjust
astrength of an edge. The weight is a value that determines the
strength of the edge (i.e., sharpness of an edge in the image)
and may be set by the user. As the weight increases, the
strength of the edge image increases and thus the edge is
sharper, so that the cartoon effect is more reinforced.

When extracting the edge, the image processing device
uses the S-curve applied image, that is, the image before the
quantization is applied. An edge value may be extracted using
a3x3 Sobel mask. The image processing device multiplies an
edge strength (w,) by an edge (E) greater than a threshold as
in above formula 4. The image processing device adds the
extracted edge image to the quantized image.

Also, the image processing device may adjust the strength
of'the edge according to a brightness of an original image. For
example, referring to exemplary Formula 4, when applying
the edge to the image, the image processing device subtracts
the edge (E) from the maximum level value (LVmax) of the
input and output signal rather than simply multiplying or
adding them, so that the image is expressed more clearly as
the resulting value is greater. The image processing device
may perform normalization by dividing a difference between
the maximum level value and the edge by LVmax so that the
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resulting value is between 0 and 1, and multiples the resulting
value by the input signal so that the edge can be expressed
naturally on the image.

Accordingly, the image processing device is able to natu-
rally add the edge to the quantized image in consideration of
the brightness of the original image.

Also, the image processing device outputs the processed
image to be displayed (operation S370).

Through the above-described operations, the image pro-
cessing device can process the NPR to render the input image
in a cartoon style. Also, since contrast and saturation are
enhanced by applying the S-curve, the image processing
device can further enhance the cartoon effect.

Hereinafter, a resulting image after the NPR is processed
for rendering an image in a cartoon style according to one or
more exemplary embodiments will be explained with refer-
ence to FIGS. 7A to 8B.

FIGS. 7A to 7E are views illustrating a resulting photo in
respective operations of processing NPR according to an
exemplary embodiment.

FIG. 7A illustrates an input image which is an original
image.

FIG. 7B illustrates a resulting image after bilateral filtering
is applied to the original image. As shown in FIG. 7B, clothes
and hairs of a woman are simplified in comparison with the
original image.

FIG. 7C illustrates a resulting image after an S-curve is
applied. As shown in FIG. 7C, in the S-curve applied image,
color sense is exaggerated and saturation and contrast are
enhanced in comparison with the image of FIG. 7B.

FIG. 7D illustrates a resulting image after a quantization
curve is applied. As shown in FIG. 7C, a contour that is a
discontinuous surface of color appears in the face and hand of
the woman.

FIG. 7E illustrates an image to which an edge is added. As
shown in FIG. 7E, by adding the edge, the cartoon effect is
further enhanced.

FIGS. 8A and 8B are views illustrating photos before and
after an NPR is processed according to an exemplary embodi-
ment. FIG. 8A illustrates an original image and FIG. 8B
illustrates a resulting image after the NPR is processed for
expressing a cartoon effect.

If'the NPR is processed as shown in FIG. 8B, the effect of
rendering the photo in the cartoon style is further enhanced.

In the above-described exemplary embodiments, a digital
photo frame 100 has been explained as a display apparatus,
but this is merely an example. An exemplary embodiment can
be applied to any image processing apparatus that can process
the NPR with respect to an input image and output a resulting
image to be displayed. For example, the image processing
device may be a digital camera, a camcorder, a portable
multimedia player (PMP), an MP3 player, a mobile phone, a
laptop computer, a personal digital assistant (PDA), etc.

While not restricted thereto, an exemplary embodiment
can also be embodied as computer-readable code on a com-
puter-readable recording medium. The computer-readable
recording medium is any data storage device that can store
data that can be thereafter read by a computer system.
Examples of the computer-readable recording medium
include read-only memory (ROM), random-access memory
(RAM), CD-ROMs, magnetic tapes, floppy disks, and optical
data storage devices. The computer-readable recording
medium can also be distributed over network-coupled com-
puter systems so that the computer-readable code is stored
and executed in a distributed fashion. Also, an exemplary
embodiment may be written as one or more computer pro-
grams transmitted over a computer-readable transmission
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medium, such as a carrier wave, and received and imple-
mented in general-use or special-purpose digital computers
that execute the programs. Moreover, while not required in all
exemplary embodiments, one or more units of the above-
described apparatuses and devices can include a processor or
microprocessor executing a computer program stored in a
computer-readable medium, such as a local storage.

The foregoing exemplary embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present inventive concept. The present teaching can be readily
applied to other types of apparatuses. Also, the description of
the exemplary embodiments is intended to be illustrative, and
not to limit the scope of the claims, and many alternatives,
modifications, and variations will be apparent to those skilled
in the art.

What is claimed is:

1. A display apparatus comprising:

an image processor which processes a non-photorealistic

rendering (NPR) with respect to an image; and

a display unit which displays the NPR-processed image,

wherein pixels of the image have respective brightness

values, and

wherein the image processor processes the NPR by reduc-

ing a brightness value of each pixel, among pixels of the
image, having a brightness value less than a predeter-
mined brightness value and increasing a brightness
value of each pixel, among the pixels of the image,
having a brightness value greater than the predetermined
brightness value,

wherein the image processor performs quantization so that

the image is made up of a plurality of brightness levels
for generating the NPR-processed image, and

wherein the quantization comprises quantizing the image

by using a first gamma curve corresponding to a first
level section of the plurality of brightness levels and a
second gamma curve corresponding to a second level
section of the plurality of brightness levels.

2. The display apparatus as claimed in claim 1, wherein the
image processor reduces the brightness value of the pixel
having the brightness value less than the predetermined
brightness value and increases the brightness value of the
pixel having the brightness value greater than the predeter-
mined brightness value using an S-curve that is based on the
predetermined brightness value.

3. The display apparatus as claimed in claim 1, wherein the
image processor determines the predetermined brightness
value according to an average brightness value of a frame of
the image.

4. The display apparatus as claimed in claim 1, wherein the
image processor increases at least one of a contrast value and
a saturation value of the image by reducing the brightness
value of the pixel having the brightness value less than the
predetermined brightness value and increasing the brightness
value of the pixel having the brightness value greater than the
predetermined brightness value.

5. The display apparatus as claimed in claim 1, wherein the
image processor comprises:

a bilateral filter which filters the image to abstract the

image;

an S-curve unit which applies an S-curve to the image so

that a brightness value of a pixel, among pixels of the
filtered image, having a brightness value less than the
predetermined brightness value is reduced and a bright-
ness value of a pixel, among pixels of the filtered image,
having the brightness value greater than the predeter-
mined brightness value is increased;
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a quantization unit which quantizes the S-curve applied
image so that the S-curve applied image comprises a
plurality of brightness levels; and

an edge processor which extracts an edge image from the
S-curve applied image and adds the extracted edge
image to the quantized image,

wherein the point where the S-curve crosses the identity
line is based on the predetermined brightness value.

6. The display apparatus as claimed in claim 5, wherein the
quantization unit quantizes the S-curve applied image by
using a gamma curve corresponding to each level section of
the plurality of brightness levels.

7. The display apparatus as claimed in claim 5, wherein the
quantization unit quantizes the S-curve applied image by
applying a quantization curve according to:

Y=29(MOD(X;, 22)/22)*+FLOOR(X/29),

where X is an input signal (Iin(x)), Y is an output signal
(Iout(x)), Q is a quantization factor, y is a gamma value
for determining a gamma curve of each section, MOD
(A,B) is a function for calculating a remainder of A/B,
and FLOOR (C) is a function for making an integer by
rounding down below the decimal point.

8. The display apparatus as claimed in claim 5, wherein the
edge processor adjusts a strength of an edge by applying a
weight set by a user.

9. The display apparatus as claimed in claim 5, wherein the
edge processor adjusts a strength of an edge according to a
brightness of the image prior to the processing by the image
processor.

10. The display apparatus as claimed in claim 5, wherein
the edge processor applies a weight to an edge and adjusts a
strength of the edge according to a brightness of the image
prior to the processing by the image processor, by applying to
the extracted edge image:

Y=XX(LV, = WXEVLV

where X is an input signal (Iin(x)), Y is an output signal
(Iout(x)), LV,,,, is a maximum level value of the input
and the output signal, w, is a weight for adjusting the
edge strength, and E is an edge greater than a threshold.

11. A computer implemented non-photorealistic rendering
(NPR) processing method, comprising:

processing an NPR with respect to an image; and

displaying the NPR-processed image,

wherein pixels of the image have respective brightness

values, and

wherein the processing the NPR comprises reducing a

brightness value of each pixel, among pixels of the
image, having a brightness value less than a predeter-
mined brightness value and increasing a brightness
value of each pixel, among the pixels of the image,
having a brightness value greater than the predetermined
brightness value,

wherein the processing the NPR further comprises per-

forming quantization so that the image is made up of a
plurality of brightness levels for generating the NPR-
processed image, and

wherein the quantization comprises quantizing the image

by using a first gamma curve corresponding to a first
level section of the plurality of brightness levels and a
second gamma curve corresponding to a second level
section of the plurality of brightness levels.

12. The computer implemented NPR processing method as
claimed in claim 11, wherein the reducing the brightness and
the increasing the brightness comprises processing the NPR
using an S-curve which is based on the predetermined bright-
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ness value so that the brightness value of the pixel having the
brightness value less than the predetermined brightness value
is reduced and the brightness value of the pixel having the
brightness value greater than the predetermined brightness
value is increased.
13. The computer implemented NPR processing method as
claimed in claim 11, wherein the processing the NPR further
comprises determining the predetermined brightness value
according to an average brightness value of a frame of the
image.
14. The computer implemented NPR processing method as
claimed in claim 11, wherein the reducing the brightness and
the increasing the brightness comprises increasing at least
one of a contrast value and a saturation value of the image by
reducing the brightness value of the pixel having the bright-
ness value less than the predetermined brightness value and
increasing the brightness value of the pixel having the bright-
ness value greater than the predetermined brightness value.
15. The computer implemented NPR processing method as
claimed in claim 11, wherein the processing the NPR further
comprises:
bilateral-filtering the image to abstract the image;
applying an S-curve to the filtered image so that a bright-
ness value of a pixel, among pixels of the filtered image,
having a brightness value less than the predetermined
brightness value is reduced and a brightness value of a
pixel, among the pixels of the filtered image, having a
brightness value greater than the predetermined bright-
ness value is increased;
quantizing the image so that the S-curve applied image
comprises a plurality of brightness levels; and

processing an edge by extracting an edge image from the
S-curve applied image and adding the extracted edge
image to the quantized image,

wherein the point where the S-curve crosses the identity

line is based on the predetermined brightness value.

16. The computer implemented NPR processing method as
claimed in claim 15, wherein the quantizing quantizes the
S-curve applied image by using a gamma curve correspond-
ing to each level section of the plurality of brightness levels.

17. The computer implemented NPR processing method as
claimed in claim 15, wherein the quantizing comprises quan-
tizing the S-curve applied image by applying a quantization
curve according to:

Y=29%(MOD(X,29)/29)+FLOOR (X29),

where X is an input signal (Iin(x)), Y is an output signal
(Iout(x)), Q is a quantization factor, y is a gamma value
for determining a gamma curve of each section, MOD
(A,B) is a function for calculating a remainder of A/B,
and FLOOR (C) is a function for making an integer by
rounding down below the decimal point.

18. The computer implemented NPR processing method as
claimed in claim 15, wherein the processing the edge com-
prises adjusting a strength of the edge by applying a weight
set by a user.

19. The computer implemented NPR processing method as
claimed in claim 15, wherein the processing the edge adjusts
a strength of the edge according to a brightness of the image
prior to the processing.

20. The computer implemented NPR processing method as
claimed in claim 15, wherein the processing the edge com-
prises applying a weight to the edge and adjusting a strength
of'the edge according to a brightness of the image prior to the
processing, by applying to the extracted edge image:

Y=XX(LY,yu= WX EVLV, s
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where X is an input signal (Iin(x)), Y is an output signal
(Iout(x)), LV, is a maximum level value of the input
and the output signal, w, is a weight for adjusting the
edge strength, and E is an edge greater than a threshold.
21. The computer implemented NPR processing method as
claimed in claim 11, wherein the processing the NPR further
comprises:
bilateral-filtering the image to abstract the image;
applying an S-curve to the filtered image so that a bright-
ness value of a pixel, among pixels of the filtered image,
having a brightness value less than the predetermined
brightness value is reduced and a brightness value of a
pixel, among the pixels of the filtered image, having a
brightness value greater than the predetermined bright-
ness value is increased; and
quantizing the image so that the S-curve applied image
comprises a plurality of brightness levels.
22. A computer implemented non-photorealistic rendering
(NPR) processing method, comprising:
processing an NPR with respect to an image; and
outputting the NPR-processed image to be displayed,
wherein pixels of the image have respective brightness
values,
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wherein the processing the NPR comprises reducing a
brightness value of each pixel, among pixels of the
image, having a brightness value less than a predeter-
mined brightness value and increasing a brightness
value of each pixel, among the pixels of the image,
having a brightness value greater than the predetermined
brightness value,

wherein the processing the NPR further comprises per-
forming quantization so that the image is made up of a
plurality of brightness levels for generating the NPR-
processed image, and

wherein the quantization comprises quantizing the image
by using a first gamma curve corresponding to a first
level section of the plurality of brightness levels and a
second gamma curve corresponding to a second level
section of the plurality of brightness levels.

23. A non-transitory computer readable recording medium
having recorded thereon a program executable by a computer
for performing the method of claim 11.

24. A non-transitory computer readable recording medium
having recorded thereon a program executable by a computer
for performing the method of claim 22.
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